Crude cytoplasmic extracts prepared from HeLa cells actively incorporate amino acids but show little initiation of new peptides (as seen by labeling of N-terminal amino acids). In contrast, extracts prepared from cells subjected to prior inhibition of protein synthesis show a significant amount of polypeptide initiation indicated by formation of peptides with radioactive N-terminal methionine. The same result was obtained whether prior inhibition occurred with cycloheximide or by starvation for an essential amino acid. Cellular response to suppression of protein synthesis appears to be mediated through production of RNA, since it is inhibited by actinomycin but appears in the presence of cycloheximide. The crude extracts continue initiating new polypeptides for at least 10 min in vitro. It is postulated that enhancement of in vitro initiation described here is related to the apparent stimulation of initiation of translation seen in vivo.
Most mammalian in vitro protein synthesis systems under investigation rely on the use of highly purified, exogenous messenger RNA (mRNA). Although this method is ideal for identifying an RNA species as the messenger for a particular protein [as with hemoglobin (1-3), chick ovalbumin (4, 5) , lens crystallin (6, 7), histone (8, 9) ] and perhaps for determining the exact sequence of steps with which the components of the initiation process join together (10, 11) , it is apparently not yet suitable for studying the means by which mammalian cells regulate translation.
The preparation described here consists of a crude, postmitochondrial supernatant extracted from HeLa cells, utilizing only endogenous mRNA. It demonstrates the existence of mechanisms that control initiation of translation and that may be lost during the preparation or preincubation steps of the more widely used mammalian-derived systems.
Many experimental results obtained with mammalian cells suggest the existence of control of protein synthesis at the level of "initiation." These include in vivo studies of cells during mitosis (12) , at elevated temperatures (ref. 13 ; Goldstein, E., & Penman, S., manuscript in press), after poliovirus infection (14) , and in cells starved for an essential amino acid (15, 16) . The experiments in this report are a first step in studying these control mechanisms in vitro.
Initially, the experiments using lysates made from HeLa cells showed little, if any, initiation of new polypeptides during in vitro incubation. Previous in vivo experiments had suggested that inhibition of protein synthesis in cells could subsequently lead to higher rates of "initiation" when normal conditions for protein synthesis were restored. For example, preincubation in low levels of cycloheximide partially restored "initiation" during subsequent incubation at 420 in the absence of cycloheximide (13 (18) (19) (20) . Pactamycin (Upjohn) at concentrations between 0.5 and 2 ,M was used to preferentially suppress initiation. The control for the N-terminal determination of each incubation was a similar incubation in the presence of pactamycin. All incubations were done at 250 and were terminated by chilling to 00.
The detergent deoxycholate was added to the incubation mixture to clarify it and to prevent adventitious sticking during centrifugation. Salt composition was adjusted to that of high-ionic-strength buffer [0.5 M NaCl-O.5 mM MgCl2-10 mMI Tris * HCl (pH 7.4) ]. Tween40 was added to prevent precipitation of deoxycholate by the high-ionic-strength buffer. The incubation mixture was then layered onto 15-30% sucrose-density gradients made with high-ionic-strength buffer. These were centrifuged in a Spinco SW50.1 rotor for 75 min at 50,000 rpm, which quantitatively deposits the polyribosomes. Supernatants were decanted and pellets were suspended in 0.3 N KOH and incubated for 1 hr at 37°. Trichloroacetic acid was added to neutralize the KOH and achieve a final acid concentration of 7%. The sample was then centrifuged at 15,000 rpm for 10 min. The pellets were suspended in a 9:1 mixture of 0.5 M NaHCO3 (pH 9.8) and 10% Na dodecyl sulfate (Edman reaction buffer).
Edman Reaction. The N-terminal determination used is a modification of procedures described by P. Edman (21) 20 min, suspended in anhydrous trifluoroacetic acid, flushed with nitrogen, and incubated at 500 for 10 min. Samples were then chilled, and the N-terminal residues were extracted twice with 1,2-dichloroethane. Precipitated protein was dissolved in trifluoroacetic acid. Aliquots were counted in liquid scintillation fluid for determination of total incorporation. The 1 ,2-dichloroethane fraction was evaporated; the residue was suspended in 1 N HC1, flushed with nitrogen, and incubated at 500 for 30 min. The samples were extracted twice with ethylacetate. The combined organic phase was then back-extracted with H20. The ethylacetate fraction, containing the phenylthiohydantoin residues, was evaporated and assayed for radioactivity either by suspending directly in liquid scintillation fluid or by suspending in 1,2-dichloroethane and then being subjected to paper chromatography (23 The results shown in Fig. 1 suggest that inhibition of protein synthesis induces a response that results in enhanced in vitro initiation. In the next experiment, protein synthesis was inhibited by amino-acid starvation. Fig. 2 (15) . In contrast to the total incorporated radioactivity, the number of radioactive N-terminal amino-acids incorporated by lysates rises sharply during the first 90 min of amino-acid starvation. Longer periods of methionine starvation cause a decline in N-terminal labeling. The response to methionine starvation appears initially to be similar to the response to inhibition of protein synthesis by cycloheximide. Vaughan (15) has shown that prolonged amino-acid starvation appears to interfere with the initiation process, and this may account for the subsequent decline in N-terminal formation by the lysates.
Similar results were found with lysates prepared from cells starved for leucine for 3 hr (Fig. 3) . This finding indicates that enhancement of initiation in vitro is probably due to the essential amino-acid starvation rather than to some effect specifically associated with a lack of methionine.
Kinetics of In Vitro N-Terminal Formation. Fig. 4 shows N-terminal determinations done on nascent chains from a Table 2 show that actinomycin present during preincubation of cells in cycloheximide suppresses enhancement of initiation measured in vitro. Thus, the cellular response would appear to be mediated through RNA synthesis. However, actinomycin may be blocking the synthesis of something else that is necessary for the cell response to be manifested. This enzyme activity would have to be much higher in control cells that had not been pretreated, and be capable of cleaving the N-terminal methionine completely during even short incubations. This is unlikely for two reasons. The data in Fig. 4 suggest that in the lysates from pretreated cells, cleavage begins only after 10 min. This probably is the time lag before the nascent polypeptides elongate sufficiently to become a substrate for the cleavage enzyme, as has been shown for the reticulocyte system (25) . The other evidence against N-terminal cleavage in control lysates comes from the absence of a significant amount of radioactive N-terminal amino acids other than methionine ( Table 1) . Removal of methionine would generate equivalent amounts of other amino acids in the N-terminal position, which clearly does not happen.
Both pretreatments described here cause a sharp decrease in protein synthesis during treatment. Starvation for a single essential amino acid causes a decrease in the percentage of ribosomes in polyribosomal structures. Cycloheximide, on the other hand, causes a slight increase in the proportion of ribosomes in polyribosomes. Therefore, the signal to the cell cannot be based on the percentage of ribosomes active in protein synthesis but must be some other, as yet unidentified component of the machinery for protein synthesis.
The experiments described with actinomycin D suggest that the cellular response to a decreased rate of protein synthesis may be mediated through synthesis of some species of RNA that in some way affects initiation of translation. However, existence of this RNA is speculative, since the effect of actinomvcin on initiation of translation is not understood.
The effects described here are probably not due to greatly altered amounts of mRNA. Lifetimes of mRNA in HeLa cells are very long compared to the response time described here (26) (27) (28) , and a significant alteration in mRNA content would not be expected in 2 hr. Also, direct measurement of mRNA production shows that it is essentially unchanged in cycloheximide (unpublished results).
